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SIGNS AND SYMPTOMS OF CHEST DISEASES

Correlation of Cough With Disease Activity
and Treatment With Cyclophosphamide in
Scleroderma Interstitial Lung Disease

Findings From the Scleroderma Lung Study

Arthur C. Theodore, MD; Chi-Hong Tseng, PhD; Ning Li, PhD; Robert M. Elashoff, PhD;
and Donald P. Tashkin, MD, FCCP

Background: Cough is a significant symptom in patients with scleroderma interstitial lung disease
(SSc-ILD), affecting 73% of the 158 patients enrolled in the Scleroderma Lung Study (SLS), a
multicenter randomized trial of oral cyclophosphamide (CYC) vs placebo (PLA) in patients with
active interstitial lung disease.
Methods: We examined the correlation of cough frequency and severity and phlegm production
at baseline in 156 SLS participants with other baseline variables representing SSc-ILD disease
activity and the cough response to 1 year of treatment with CYC vs PLA.
Results: Patients with cough at baseline had significantly lower diffusing capacity of the lung for
carbon monoxide, dyspnea, the quality-of-life physical component summary, and the maximal
fibrosis score on high-resolution CT imaging compared with those without cough at baseline.
Cough severity and frequency correlated with FVC % predicted. After 12 months of treatment,
cough frequency decreased in the CYC group compared with the PLA group and was significantly
different from the PLA group at 18 months (6 months after discontinuation of CYC). However,
the decreases in cough frequency did not correlate with the changes in FVC or diffusing capacity
of the lung for carbon monoxide observed in the CYC group. Treatment-related improvements in
cough frequency, as well as in FVC, were no longer apparent 12 months after discontinuation of
CYC.
Conclusions: Cough is a common symptom in SSc-ILD and correlates with the extent of fibrosis.
Cough frequency decreases significantly in response to treatment with CYC but returns to base-
line 1 year after withdrawal of treatment. Cough may be a symptom of ongoing fibrosis and an
independent variable in assessing therapeutic response to CYC.
Trial registry: ClinicalTrials.gov; No.: NCT000004563; URL: www.clinicaltrials.gov

CHEST 2012; 142(3):614-621

Abbreviations: CYC = cyclophosphamide; GERD = gastroesophageal reflux disease; GGO = ground-glass opacity;
HRCT = high-resolution CT; ILD = interstitial lung disease; MAXFIB = maximal fibrosis; PLA = placebo; PPI= proton
pump inhibitor; SLS = Scleroderma Lung Study; SSc = scleroderma; SSc-ILD = scleroderma interstitial lung disease

Nonproductive cough is a characteristic symptom received CYC showed significant improvement in

of interstitial lung diseases (ILDs), including
scleroderma (SSc). In the Scleroderma Lung Study
(SLS), a double-blind, randomized, placebo (PLA)-
controlled trial of oral cyclophosphamide (CYC)
administered for 1 year followed by an additional year
of follow-up without treatment,' 73% of the 158 study
participants complained of cough at the time of
enrollment, making it the second-most-common non-
Raynaud symptom, exceeded only by dyspnea. After
12 to 18 months of therapy initiation, patients who
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lung function, skin scores, dyspnea, disability, and
various aspects of health-related quality of life, com-

For editorial comment see page 556

pared with those who received PLA. The beneficial
effects on all parameters except dyspnea were lost
at 24 months (1 year after discontinuation of CYC).2
The pathogenesis of cough in SSc and other ILDs
is poorly understood. Cough is mediated through
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excitation of airway irritant and stretch receptors+
augmented by increased cough reflex from sensory
nerve and C-fiber sensitization.>6 SSc inflammation,
represented by ground-glass opacities (GGOs) and
sampled by BAL,™ could provide a mechanism for
nerve sensitization and has been used to predict
progression to fibrosis.®'> However, more evidence
has indicated that fibrosis originates, progresses,
and responds to CYC treatment independent of the
appearance of GGOs or their resolution,'>'* and the
findings of early studies correlating BAL to disease
progression and response to CYC have not been con-
firmed.'516 Rather, CYC appears to directly affect
the mechanical process of fibrosis independent of
inflammation, 21517 suggesting that fibrosis alone'* can
cause cough.

We examined the correlation of cough frequency
and severity and sputum production at baseline with
other baseline variables representing disease activity.
In addition, we examined the association of the cough
response after 1 year of treatment with CYC vs PLA
and during the subsequent year following completion
of treatment, with baseline physiologic, high-resolution
CT (HRCT) imaging and BAL features, in hopes of
better defining the mechanism of cough and to deter-
mine if cough could be a useful indicator of ongoing
disease activity or treatment response.

MATERIALS AND METHODS

Patients

In the SLS,!2 oral CYC was administered for 1 year in 158 patients
with SSc's who had active and symptomatic (dyspnea) pulmonary
involvement; activity was determined by BAL showing inflam-
mation (=3% neutrophils and/or =2% eosinophils) and/or HRCT
imaging with any ground-glass infiltrates (opacities through which
lung architecture could be seen) with or without evidence of
fibrosis (e-Appendix 1, e-Table 1).1 Institutional Review Board
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approval was obtained in all 13 clinical centers (lead center,
UCLA Medical Institutional Review Board 1, IRB approval num-
ber 97-11-050), and Health Insurance Portability and Account-
ability Act compliance was obtained over a period of 3 to 4 years.
Rodnan skin scores were determined using standard methods as
reported previously.?

BAL

BAL was performed in the right middle lobe or lingula prior
to randomization in each center using standardized methods as
described previously.?' The stained slides were interpreted by
readers at the individual sites and confirmed at the core facility at
the Medical University of South Carolina. There were no reports
of other tracheobronchial conditions such as neoplasm or xerotra-
chea, which could have been responsible for cough symptoms.

HRCT Scanning

HRCT scans were obtained at each clinical site using a standard-
ized protocol as reported previously.'31* All randomized subjects
underwent HRCT scanning at baseline; repeat HRCT imaging was
performed in 102 subjects after completion of 1 year of therapy.
Baseline scans were determined to be acceptable for clinical
interpretation in 156 of 158 cases (99%), and 98 paired follow-up
scans were considered acceptable for assessment. Using a scor-
ing system described previously, scan interpretation was per-
formed at the radiology core with the readers blinded to the
clinical information.1314

Pulmonmy Function Tests

Pulmonary function tests consisted of spirometry, lung vol-
umes, and diffusing capacity of the lung for carbon monoxide.
Tests were performed at baseline upon entry into the study
and every 3 months thereafter using a standardized protocol as
described previously.!2

Questionnaires

The cough index, modified from the instrument developed by
Petty,? the Health Assessment Questionnaire, the 36-Item Short
Form Health Survey, and the Mahler Baseline Dyspnea Index/Tran-
sition Dyspnea Index were assessed at baseline and every 3 months
during the treatment period.?* Cough severity was graded on a
0-to-3 scale, and cough frequency and phlegm production were
graded on 1-to-3 scales (Fig 1). Health-related quality of life was
assessed with two instruments: the Medical Outcomes 36-Item
Short-Form Health Survey?* and the Disability Index of the
Health Assessment Questionnaire, a measure of functional status
that targets the musculoskeletal system and was designed for
patients with SSc.22 Dyspnea was assessed using the paper ver-
sion of the Mahler Baseline Dyspnea Index/Transition Dyspnea
Index.» Gastroesophageal reflux disease (GERD) symptoms were
recorded as part of the baseline medical history in the GI con-
dition section taken by the rheumatology investigators and were
also recorded as an adverse event during the course of the study.2
GERD treatment was managed by the subjects’ health-care pro-
viders with the goal of minimizing GERD symptoms and included
once-daily and bid proton pump inhibitor (PPI) with or without
the addition of histamine type 2 receptor blockers.

Statistical Analysis

Statistical analysis was performed using the Wilcoxon rank sum
test to compare coughers with noncoughers for continuous vari-
ables and the x? test for categorical variables. The Spearman cor-
relation was used to evaluate the association of cough severity and
frequency and phlegm with baseline characteristics. For descriptive
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Cough Severity

0 =no cough

1 =mild (cough is clearly present but with minimal awareness and easily tolerated

2 = moderate (there is definite awareness of cough that is bothersome but tolerable)

3 = severe (cough is difficult to tolerate and interferes to some extent with daily living activities
and/or sleeping

Cough frequency

1 = infrequent (occasional only and of short duration; unpredictable in occurrence)
2 = intermittent (several bouts/day with some bouts lasting several minutes or more
3 = persistent (continuous or with occasional periods of remission; cough is a constant concern)

Phlegm production

1 = none (dry cough)
2 = occasional (present in <50 % of coughs)
3 = frequent (present > 50 % of coughs)

FIGURE 1. Cough was scored by patients choosing from the defi-
nitions of severity and frequency and phlegm production and
marking a corresponding box that was used for grading.

analysis of the CYC effect on cough, the average score was cal-
culated between 6 and 18 months for each outcome and com-
pared between the CYC and PLA groups using the Wilcoxon
rank sum test. The time interval over which we evaluated changes
in cough parameters (6-18 months) was driven by evidence that
the impact of CYC on FVC % predicted began to be noted at
6 months, was significant at 12 months, and continued to increase
up to 18 months (ie, 6 months after CYC was discontinued).2 For
regression analysis, because cough severity and frequency are on
an ordinal scale, we used the longitudinal proportional odds model
to assess the treatment effect over 6 to 18 months. For each out-
come, the proportional odds model assumes that the odds of being
above any specific category (except the lowest one) are the same
for all categories. In addition to treatment assignment, other pre-
specified covariates in the models included selected baseline char-
acteristics, time, and the treatment interactions with HRCT scan
score and time. We also incorporated a competing risk survival
model to adjust for the effect of nonrandom dropout due to death
or treatment failure. Finally, the proportional odds assumption
was checked according to the likelihood inference,* and no viola-
tion was found.

RESULTS

Patient Characteristics

The SLS enrolled 158 subjects; 156 completed ques-
tionnaires and had HRCT scans at baseline. BAL was
performed on 128 subjects with interpretable results.
The baseline characteristics of the study population
have been published in detail previously,'22% and
the baseline characteristics of the 145 patients who
had evaluable data at 24 months are summarized in
e-Table 2. There were 78 patients in both the CYC
and PLA groups. All patients had significant dyspnea
(score of =2 in the magnitude of task domain of the
baseline dyspnea index) and met the requirements
for enrollment, which included active alveolitis as
defined by BAL and/or HRCT scan.’®

Correlation of the Presence or Absence of Cough
at Entry With Other Baseline Variables

Of the 156 patients eligible for analysis, 114 (73%)
had cough ranging from mild to severe, 77 (49%) had
a cough duration of between 0 and 3 years, 22 (14%)
had a cough duration of from 3 to 5 years, and 11 (7%)
had cough for > 5 years. At baseline, compared with
those without cough, patients with cough had a signif-
icantly lower diffusing capacity of the lung for carbon
monoxide and physical quality-of-life score, a higher
(worse) total dyspnea score (baseline dyspnea index),
and a higher (worse) maximal fibrosis (MAXFIB)
score on HRCT scan (ie, extent of fibrosis in the
lung zone with the highest fibrosis score) (Table 1).
Compared with those without cough, patients with

Table 1—Comparison of the Presence or Absence of Cough With Other Baseline Variables

Variable Noncoughers (n =42) Coughers (n=114) P Value
Pulmonary function tests

FVC 69 (10.5) 65.85 (11.16) 57

Total lung capacity 69.6 (14.7) 66.60 (11.30) .99

Diffusing capacity of the lung for carbon monoxide 50.4 (12.5) 42.58 (11.95) 047
Health perception

Physical component summary 38.47 (10.4) 29.65 (8.76) .0003

Mental component summary 48.62 (11.7) 47.88 (10.82) 58

Baseline dyspnea index 5.12(2.21) 6.24 (1.63) .02

Health Assessment Questionnaire 0.74 (0.63) 0.98 (0.68) .39
High-resolution CT scan

Maximal fibrosis 1.59 (1) 2.25(1.01) .005

MaxGG 0.61 (0.8) 0.69 (0.73) .64

Maximal honeycomb score 32 38 44
BAL

PMN 4.3 (4.25) 7.74 (8.32) .016

Eos 2.82 (5.22) 2.88 (3.91) 91
Clinical

Rodnan 17.86 (11.6) 14.09 (10.7) .033

Diffuse 76 55 .01

Gastroesophageal reflux disease 43 67 .56

Proton pump inhibitor use 55 52 74

Pulmonary function tests are presented as % predicted (SD), and clinical scores (except Rodnan) are presented as %. Eos = eosinophil;

MaxGG = maximal ground glass; PMN = neutrophil.
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cough more often had diffuse scleroderma, signifi-
cantly worse Rodnan skin scores, and higher neutro-
phil counts in BAL. Of 107 patients with antibody data,
the 87 (81%) with antitopoisomerase I or nonspecific
antinuclear antibody had significantly more cough
(78%) compared with the 20 (19%) with anticen-
tromere antibody or anti-RNA polyerase 3 antibodies
(48%, P = .003). No correlation was seen between
the presence of cough at baseline and FVC % pre-
dicted or total lung capacity, mental quality-of-life
score, age, sex, or maximal honeycombing or pure
ground-glass scores on HRCT scan.

Correlation of Cough Severity and Frequency
and Phlegm Production With Baseline Variables

Most of the patients with cough described the
severity of their cough as mild (n =71, 62%) or mod-
erate (n =237, 32%). Only six patients (5%) had cough
that was described as severe (Table 2). Cough severity
at entry did not correlate significantly with any base-
line variable. Most of the patients with cough described
their cough frequency as infrequent or intermittent,
and only seven patients described it as persistent
(Table 3). Increasing cough frequency correlated sig-
nificantly with the presence of diffuse scleroderma, a
higher MAXFIB score, and higher Rodnan skin scores,
but not with any other variable. The majority of patients
described phlegm production as either none or occa-
sional and only 10 patients (9%) described phlegm
production as frequent (e-Table 3). Neither the pres-
ence or absence of cough nor cough severity or fre-

quency correlated with the percentage of neutrophils
or eosinophils on BAL; however, the presence of
cough productive of phlegm correlated with neutro-
phil percentage of >3% on BAL.

GERD, PPI, Angiotensin-Converting Enzyme
Inhibitor, and Angiotensin Receptor Blocker Use

At baseline, approximately one-half of the study par-
ticipants (n =80 [51%]) reported GERD symptoms.
There was no significant difference between patients
with or without cough who also reported GERD
(Table 1), but most patients with GERD reported
cough (62 of 80 [71%]) vs no cough (18 of 80 [29%]).
In patients with GERD, a similar percentage of PPI
use was observed between patients with cough (55%)
and those without cough (52%) (Fig 2). All six patients
with severe cough had GERD. No significant cor-
relation was found between the presence of GERD
and cough severity or frequency or phlegm produc-
tion. During the study, 33 adverse events related to
GERD, heartburn, or reflux symptoms occurred in
24 patients, seven of whom did not have GERD
noted in the initial medical history or in GI condi-
tions. Changes in cough severity or frequency and
phlegm production were not significantly different at
12 and 18 months whether there was GERD at base-
line or whether new GERD developed during the
study (e-Table 4). There was no association between
subjects taking angiotensin-converting enzyme inhib-
itor or angjotensin receptor blocker agents and cough
(e-Table 5).

Table 2—Correlation of Cough Severity With Other Baseline Variables

Variable Mild (n="71) Moderate (n =37) Severe (n =6) P Value
Pulmonary function tests

FVC 67.95 (13.9) 68.35 (11.5) 61.26 (8.13) 43

Total lung capacity 70.4 (13.3) 69.73 (11.11) 59.77 (9.53) .26

Diffusing capacity of the lung for carbon monoxide 47.3 (13.7) 43.81 (12.03) 36.62 (10.09) .08
Health perception

Physical component summary 31.96 (10.22) 31.72 (11.1) 25.26 (4.96) .30

Mental component summary 50.02 (9.67) 50.06 (10.81) 43.56 (11.98) 61

Baseline dyspnea index 5.81 (1.74) 5.92 (1.73) 7 (1.41) 10

Health Assessment Questionnaire 0.79 (0.66) 0.91 (0.77) 25 (0.6) .82
High-resolution CT scan

Maximal fibrosis 2.00 (1.02) 2.25 (0.97) 2.5 (1.05) .16

MaxGG 0.64 (0.73) 0.75 (0.94) 0.67 (0.52) 73

Maximal honeycomb score 36 44 33 53
BAL

PMN 6.38 (6.49) 7.25(9.28 9.58 (9.2) .68

Eos 2.75 (3.37) 2.58 (4.95 3.3(3.4) 51
Clinical

Rodnan 14.21 (9.73) 12.22 (11.97) 15.83 (10.46) .26

Diffuse 61 38 67 .09

Gastroesophageal reflux disease 52 50 100 77

Proton pump inhibitor use 49 57 50 43

Pulmonary function tests are presented as % predicted (SD), and clinical scores (except Rodnan) are presented as %. See Table 1 legend for

expansion of abbreviations.
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Table 3—Correlation of Cough Frequency With Other Baseline Variables

Variable Infrequent (n = 69) Intermittent (n = 37) Persistent (n="7) P Value
Pulmonary function tests

FVC 68.11 (13.59) 67.1 (12.29) 69.76 (9.13) .76

Total lung capacity 70.1 (12.01) 69.99 (13.51) 65.23 (12.34) .62

Diffusing capacity of the lung for carbon monoxide 47.36 (13.18) 43.58 (13.42) 41.18 (10.56) 1
Health perception

Physical component summary 31.48 (10.51) 31.8(10.63) 30.56 (9.38) .89

Mental component summary 49.75 49.38 (11.71) 50.4 (6.4) 94

Baseline dyspnea index 5.86 (1.72) 5.95 (1.72) 6.43 (2.07) 12

Health Assessment Questionnaire 0.84 (0.65) 0.89 (0.82) 0.82 (0.62)
High-resolution CT scan

Maximal fibrosis 1.91 (1.01) 2.3(0.91) 3(0.89) .01

MaxGG 0.68 (0.75) 0.57 (0.8) 1.33(1.03) 97

Maximal honeycomb score 35 41 50 46
BAL

PMN 6.05 (6.06) 6.45 (6.22) 14.87 (17.23) 27

Eos 2.95 (3.55) 2.46 (4.85) 2.1 (1.69) 42
Clinical

Rodnan 14.91 (9.81) 12.16 (11.45) 10 (11.96) .01

Diffuse 64 38 43 .01

Gastroesophageal reflux disease 58 38 100 .68

Proton pump inhibitor use 49 57 43 .68

Pulmonary function tests are presented as % predicted (SD), and clinical scores (except Rodnan) are presented as %. See Table 1 legend for

expansion of abbreviations.

Effect of CYC Treatment on Cough

A similar proportion of patients randomized to CYC
or PLA reported cough at baseline (Fig 3). The per-
centage of patients with cough decreased in the CYC
group from 71% at baseline to 56% at 12 months,
whereas the percentage of patients in the PLA group
with cough remained the same (68%) at both base-
line and 12 months. This apparent treatment differ-
ence in the presence of cough was lost at 24 months
when there was a larger percentage of subjects with
cough in the CYC group compared with the PLA
group. However, this difference is not statistically sig-
nificant and likely represents a survivor effect of dif-
ferential withdrawal between the two groups. Because
the effect of CYC on FVC % predicted did not
become apparent until at least 6 months, was maximal
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FIGURE 2. Percentage of patients without cough and those with
cough who had a clinical/endoscopic diagnosis of GERD and
used PPI. GERD = gastroesophageal reflux disease; PPI = proton
pump inhibitor.
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at 18 months, and diminished progressively from
18 to 24 months, we examined the effect of CYC
on cough parameters between 6 and 18 months. In
analyses of unadjusted data, no significant differ-
ence in the average cough severity score was observed
between the CYC group and the PLA group (Fig 4A).
On the other hand, from 6 to 18 months, cough
frequency tended to decrease in the CYC group com-
pared with the PLA group (Fig 4B). Phlegm produc-
tion over 6 to 18 months was not affected by treatment
with CYC (Fig 4C). Baseline characteristics did not

—— PLA
80% —e—CYC
s g
3 60% | |
o
£
g L
0 40%
c
2
&
w 20%
1)
N
00/0 T T T T T T T
0O 3 6 9 12 15 18 21 24
Months in Study

FIGURE 3. Time course of the presence of cough in the CYC and
PLA groups determined from the time double-blind treatment
was begun (time 0) through completion of treatment (12 months)
and study completion (24 months [12 months after discontinuation
of study medication]). CYC = cyclophosphamide; PLA = placebo.
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FIGURE 4. A, Comparison of scores between 6 and 18 months by
treatment group (patients treated with CYC compared with those
treated with PLA) indicates no significant difference in cough
severity (0.87+0.66 vs 1.04 +0.67, P=.15, Wilcoxon rank sum
test); a nearly significant decrease in cough frequency (0.83 = 0.67
vs 1.04+0.69, P =.056, Wilcoxon rank sum test); and no significant
treatment effect on phlegm production (1.10=0.80 vs 1.32+0.86,
P =12, Wilcoxon rank sum test). A, Average cough severity.
B, Average cough frequency. C, Average phlegm production. See
Figure 3 legend for expansion of abbreviations.
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differ between patients who never had cough and
those whose cough resolved or who continued to
have cough in either treatment group at either 12 or
24 months.

Table 4 shows the results of the longitudinal data
analysis based on the proportional odds model adjusted
for nonignorable missing data, For the treatment
effect, the CYC group was more likely to have less
cough frequency (OR, 8.08, P =.002) compared with
the PLA group over the 6 to 18 months after ran-
domization. However, the odds of having less severe
cough in the CYC group over this same time interval
were not significantly different from those of the
PLA group (OR, 1.56, P=.50). A higher baseline
FVC % predicted was significantly associated with less
cough severity (P<<.0001) and less cough frequency
(P =.003) over the 6- to 18-month time interval,
adjusting for the baseline values for these outcome
variables. Neither baseline fibrosis nor BAL findings
had any influence on the course of cough severity or
frequency.

DiscussioN

Cough has been established as an important symp-
tom in patients with systemic sclerosis and with ILD,
affecting 73% of patients in the SLS, and was a signif-
icant factor related to patients’ physical quality of life
and perception of dyspnea. We found that the pres-
ence of cough also correlates with fibrosis of the skin
and the lung, diffuse scleroderma, and neutrophilic
alveolar inflammation, but not with mental quality
of life, any pulmonary function parameter, GERD,
PPI use, or ground-glass infiltrates on HRCT scan.
In view of these findings, relief of cough symptoms
should be one of the goals of treatment, which would
be expected to be associated with an improvement in
the patient’s sense of dyspnea and physical well-being.
Our data also suggest that cough could be a useful
surrogate measure of ongoing fibrosis and alveolar
inflammation.

Prior studies have shown a correlation between
inflammatory BAL and progression of pulmonary
fibrosis.*12 The need for BAL has diminished as expe-
rience with HRCT scanning has increased, because
the presence of GGOs appears to correlate with an
inflammatory BAL, providing a noninvasive mech-
anism for identifying active disease and patients at
risk of progressive fibrosis.'32931 However, whereas
early studies showed a correlation between GGO res-
olution and CYC treatment, supporting the concept
that alveolitis was improving, more recent investigations
have not shown a correlation between improvement
in GGO and CYC treatment, suggesting that GGOs
may represent heterogeneous conditions including
inflammatory alveolitis, subresolution fibrosis, and/or
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Table 4—Analysis of Cough Severity and Frequency
Over 6 to 18 mo in Relation to Selected Covariates
Using the Proportional Odds Model

Variable OR 95% CI P Value
Severity model (the cumulative
probability that Y, =k, k=1, 2, 3)
Time, mo 0.95 0.91-0.99 .012
Baseline severity 0.36  0.21-0.61 .0002
% FVC predicted 1.04 1.02-1.06  <.0001
Fibrosis 0.96 0.70-1.31 .803
CYC 1.58 0.41-6.13 505
CYC X fibrosis 1.09 0.56-2.13 791
CYC X time 1.02 0.92-1.13 .689
Frequency model (the cumulative
probability that Y,=<k, k=1, 2, 3)
Time, mo 0.95 0.91-0.99 012
Baseline frequency 026 0.16-0.41  <.0001
% FVC predicted 1.03 1.01-1.05 .003
Fibrosis 0.96 0.68-1.37 .824
CYC 8.08 1.18-30.66 .002
CYC X fibrosis 0.58 0.29-1.18 134
CYC X time 0.92 0.84-1.02 110

CYC = cyclophosphamide.

alveolar atelectasis.* Our finding that cough corre-
lated with MAXFIB score and the presence of a neu-
trophil alveolitis but not with GGOs is consistent with
the concept that GGO does not necessarily indicate
alveolar inflammation exclusively, whereas at the same
time it bolsters the concept that inflammation may be
an important component of SSc-ILD that contributes
to symptoms and progression to fibrosis.?!

The presence of cough in this population of patients
did not correlate with GERD nor was it associated
with PPI use. Given that the presence of cough in
patients with GERD was significantly more frequent
than its absence, our data suggest that GERD was
at least one (but not the only) factor associated with
cough in this sample of patients and that other poten-
tial causative factors (eg, fibrosis) obscured the effect
in the entire study sample. However, the improvement
in cough in patients treated with CYC was indepen-
dent of GERD, which did not affect cough symptoms
during the study period through 18 months.

Questions regarding cough severity and frequency
may be valuable in assessing disease severity in con-
junction with other measures, such as the amount of
fibrosis seen on HRCT scan, as well as in assessing the
response to treatment. Both severity and frequency of
cough correlated with FVC % predicted at baseline,
and over months 6 to 18 longjtudinal analysis indicated
markedly increased odds of reduced cough frequency
with CYC therapy. Our data suggest, therefore, that
cough severity and frequency can be indicators of dis-
ease severity, and improvement in cough frequency
may be a useful marker of successful treatment of
fibrosis irrespective of any changes in inflammation.
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The limitations of this analysis include the fact that
the questionnaire for cough required an interpre-
tation on the part of the patient, leading to subjective
variability.233233 This would be especially important
in the few patients in whom the blind had to be
removed because of the intention-to-treat principle,
but these comprised only two patients who were
unblinded after receiving a year of PLA and then
received CYC. The cough score is a subjective mea-
surement, the resolution of which may not be suffi-
ciently sensitive to detect clinically relevant changes
in cough frequency or severity. GERD symptoms
were recorded from the clinical history and reporting
of adverse events, but a dedicated GERD question-
naire was not used, which may have underestimated
the contribution of GERD to cough. Lavage of the
right middle lobe alone may have underestimated the
cellularity of the lung, affecting the correlation with
cough 21?7 The retention of patients for follow-up ques-
tionnaires also limits the power of the study, because
20% of patients did not complete the follow-up. The
low number of patients describing cough as severe
or very frequent may also limit the power for assess-
ing improvement in cough severity.

CONCLUSIONS

We conclude that cough is an important symptom
in SSc-ILD, and its presence correlates with loss
of functional lung tissue and fibrosis score. Cough
frequency decreased with CYC treatment, but this
benefit was lost (corresponding to the disappearance
of the physiologic benefit) 12 months after comple-
tion of treatment. These findings suggest that cough
may be a symptom related to inflammation and fibro-
sis and an independent variable in assessing thera-
peutic response to CYC.
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